| NFLUENCE OF ACOUSTI C ENERGY ON COKE MORPHOLOGY AND
FOAM NG | N DELAYED COKI NG FI ELD OF THE | NVENTI ON
WO 0®62936THi s i nvention relates to a process f oPCT/US2006/004006
controlling coke norphol ogy and foam ng in del ayed
coking. More particularly, acoustic energy is used to
control coke norphol ogy and foam ng in a del ayed
coki ng process. BACKGROUND OF THE | NVENTI ON [ 0002]
Del ayed coking invol ves therpal deconposition of
petrol eum residua (resids) to produce gas, liquid
streans of various boiling ranges, and coke. Del ayed
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converting part of the resids to nore valuable |iquid
and gaseous products. Although the resulting coke is
I as a | ow val ue by-product, it may
sz ERVE < ding on its grade, as a fuel
(fuel grade coke) el ectrodes for al um num manuf acture
(anode grade coke), etc. [0003] In the del ayed coking
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pressures. One of the aspects of coke formation
i nvol ves foamformation. In order to control foam

Bégﬁ{@g@ﬂNlﬁ@F‘mfIMNmle s typically added to
movers 1n a coke drumare generally
highly detrinental to the coking process. [0004] The

heated residuumfeed in the coker drum .al s% <t)rr ?B .
[0002]at | Dslayed coking involves thermal decomposition of pefroleum residua

(resids) to produce gas, liquid streams of various boiling ranges, and coke. Delayed
coking of resids from heavy and heavy sour (high sulfur) crude oils is carried out
primarily as a means of disposing of these low value feedstocks by converting part
of the resids to more valuable liquid and gaseous products. Although the resulting
coke is generally thought of as a low value by-product, it may have some value,
depending on its grade, as a fuel (fuel grade coke), electrodes for aluminum

manufacture (anode grade coke), etc.

[0003] Inthe delayed coking process, the feedstock is rapidly heated in a fired
heater or tubular furnace. The heated feedstock is then passed to a coking drum
that is maintained at conditions under which coking occurs, generally at
temperatures above 400°C under super-atmospheric pressures. One of the aspects
of coke formation involves foam formation. In order to control foam formation, an
anti-foam agent is typically added to the coke drum. Foam-overs in a coke drum

are generally highly detrimental to the coking process.



conmponents that are renpved overhead and passed to a
fractionator, |eaving coke behind. Wen the coker drum
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anot her drum and hydrocarbon vapors are purged from
the coke drumw th steam The drumis then quenched
wth water to | ower the tenperature to | ess than 1000C
after which the water is drained. Wen the cooling and
draining steps are conpletedy_the drumis opened and
the coke is renmoved after drilling and/or cutting
using high velocity water jets. [0005] For exanple, a

[0@@446 B HRItERMIdiRRh $6ed i A BBkEN@ruER AIsBfofths VbBRititoke

using water jet nozzles | ocated on a boring tool.
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of the drumdo not conpletely cool. This phenonenon,
dremnietopared ad ter aketis ramovéafter dnilling e/ dreuttieg peiggihigh

of a conbi nation of norphol ogi es of coke being present
velocityhwatgr 18%. whi ch may contain a conbination of nore

than one type of solid coke product, i.e., needle
coke, sponge coke and shot coke. Since unaggl onerated
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adds considerably to the throughput time of the overall process. Thus, it would be
desirable to be able to produce a free-flowing coke, in a coker drum, that would not

require the expense and time associated with conventional coke removal.

[0006] Even though the coker drum may appear to be completely cooled, areas
of the drum do not completely cool. This phenomenon, sometimes referred to as
"hot drum", may be the result of a combination of morphologies of coke being
present in the drum, which may contain a combination of more than one type of
solid coke product, i.e., needle coke, sponge coke and shot coke. Since
unagglomerated shot coke may cool faster than other coke morphologies, such as
large shot coke masses or sponge coke, it would be desirable to produce
predominantly substantially free-flowing shot coke in a delayed coker, in order to

avoid or minimize hot drums.

[0007] Coke morphology is difficult to proactively control as coke formation is

not an exact science. For example, crude selection may influence coke



[ 0007] Coke norphology is difficult to proactively

control as coke formation is not an exact science. For
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However, it is difficult to predict in advance exactly

what influence the nmake-up of any give crude will have

on the norphol ogy of coke produced. O her process

vari abl es may be adjusted, but it is still very

difficult to control the cokd Ag process to make a

certain type of coke while excluding other types of

coke. There is a need to be able to proactively
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[ 0008] One enhodi ment of the inventiogn relates to a
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produce vapor products and coke, (d) quenchlng t he
coker vessel, and (e) subjecting at |east one of steps
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Another enbodlnent relates to a method for controlling
foam formation in a del ayed coking process that
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coke, (d) quenching the coker vessel, and (e) subjecting at least one of steps (a), (b)

or (c) to acoustic energy at an energy level and for a time sufficient to produce shot

coke.

[0009] Another embodiment relates to a method for controlling foam formation
in a delayed coking process that comprises: (a) heating a coker feedstock in a heater
to produce a heated feedstock, (b) conducting the heated feedstock to a coker
vessel, (c) maintaining the coker vessel at delayed coking temperatures at effective
delayed coking conditions to produce foam, vapor products and coke, and (d)
subjecting the coker vessel in step (c) to acoustic energy at an energy level and for

a time sufficient to reduce the amount of foam.



[ 0010] Petrol eum at nospheri c or vacuum resi dua
("resid") feedstocks are suitable for delayed coking.
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renoval of distillates fromcrude feedstocks and are
characterized as being conprised of conponents of
| arge nol ecul ar size and wei ght, generally contai ning:
(a) asphal tenes and ot her hi gh nol ecul ar wei ght
aromatic structures that wayd inhibit the rate of
hydr ot reati ng/ hydr ocracki ng and cause cat al yst
deactivation; (b) netal contam nants occurring
DIPAYLED DESCRIPTIONOPTHE INVENTIONM pri or
TTeatnent or tne crude, wiich contam nants woul d tend
to deactivate hydrotreating/ hydrocracki ng catal ysts
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residuum. Nitrogen compounds present in the resid also have a tendency to

deactivate catalytic cracking catalysts.

[0011] Resid feedstocks include, but are not limited to, residues from the
atmospheric and vacuum distillation of petroleum crudes or the atmospheric or
vacuum distillation of heavy oils, visbroken resids, tars from deasphalting units or
combinations of these materials. Atmospheric and vacuum-topped heavy bitumens
can also be employed. Typically, such feedstocks are high-boiling
hydrocarbonaceous materials having a nominal initial boiling point of 538°C or
higher, an API gravity of 20° or less, and a Conradson Carbon Residue content of 0
to 40 weight percent.

[0012]  The resid feed is subjected to delayed coking. Generally, in delayed
coking, a residue fraction, such as a petroleum residuum feedstock, is pumped to a

heater at a pressure of 50 to 550 psig (446 to 3893 kPa), where it is heated to a



coking, a residue fraction, such as a petrol eum

resi duum f eedstock, is punped to a heater at a
wpe@ssmoes of 50 to 550 psig (446 to 3893 kPa) , PEUTESM06/004006

is heated to atenperature from 4800C to 5200C. The

heat er conprises one or nore furnaces containing one

or nore furnace tubes. [0013] The heated feedstock

fromthe furnace is then conducted into a coking zone

contai ning one or nore vesse§s through at | east one

transfer line. The transfer line my be heated if

necessary. The coking vessel is typically a
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stock Is transterred 1nto the coker drum through

cofAiring She @ ndsrerfafiact hgbdsase of the drum Coker drums
may be run in tandemso that while one drumis in
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coke renmoved. Pr essui(e in ﬁh drumis usual
4he 5

[0018] a1 j Ve Peated feadstas Jrom ce s then gogqh:lc}ég\;l into a coking

N5 B B U AT b QO e et
ling R be RBA 9 ndRQskTyO %e%ﬁiﬂ?‘zés‘éelﬁiﬁ %@al@y gfvettically-

peri‘od of tinme (the "coking tine") e coker drum
oriehtee atsutaged oblatr drem amhipcded fepdstoakiis transfetrgd intodhp enker

drbmdberiehc Lt ot bow e Ruse hae B 1 ake T A% be run in
tarefegy iy ot S5 LMY i, 4 st ey B8 prgpss of
haﬂ@%&k@ﬁn@%d. 'P?eﬁéﬁreei'i‘ibcﬁg laeRRtis uBudBY fl ey 16WEsuch as 15 to

_ y coker gas oll present in the product stream
80pr$ig° araltes viohdtiles tiebemnesved axetrheathat Bypicaveatomg temnjpatatures
or recycle and conbined with the fresh feed (coker
of tleedrunn il herhetweem 10y andAFd Hg. (The hot Keadstaekt thernaally cracks
coker furnace gar"ge. I n. aqlgi.ti on to the v
fﬁ B €

over »ReEed of dEnu(the "ERng Gat'd dn s pRkes grim, Bbeting volatles
co38F i AT e PO T B g e
coke mass and are collected overhead. The volatile products are sent to a coker
fractionator for distillation and recovery of coker gases, gasoline, light gas oil, and
heavy gas oil. In an embodiment, a portion of the heavy coker gas oil present in the
product stream introduced into the coker fractionator can be captured for recycle
and combined with the fresh feed (coker feed component), thereby forming the
coker heater or coker furnace charge. In addition to the volatile products, delayed

coking also forms solid coke product.

[0014]  There are generally three different types of solid delayed coker products
that have different values, appearances and properties, i.e., needle coke, sponge
coke, and shot coke. Needle coke is the highest quality of the three varieties.
Needle coke, upon further thermal treatment, has high electrical conductivity (and a
low coefficient of thermal expansion) and is used in electric arc steel production. It

is relatively low in sulfur and metals and is frequently produced from some of the
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[0016]  Shot coke is considered the lowest quality coke. The term “shot coke”
comes from its shape which is similar to that of BB-sized balls. Desirable shots
may be in the range of 1 to 10 mm in diameter. Shot coke, like the other types of
coke, has a tendency to agglomerate, especially in admixture with sponge coke,
into larger masses, sometimes larger than a foot in diameter. This can cause
refinery equipment and processing problems. Shot coke is usually made from the
lowest quality high resin-asphaltene feeds and makes a good high sulfur fuel
source, particularly for use in cement kilns and steel manufacture. There is also
another coke, which is referred to as “transition coke” and refers to a coke having a
morphology between that of sponge coke and shot coke. For example, coke that

has a mostly sponge-like physical appearance, but with evidence of small shot
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oils (animal and vegetable) and polymers such as polyolefins, e.g.,

polyisobutylenes.

[0018] The present invention addresses both control of coke morphology and
foam formation by using acoustic energy during the coking process. Acoustic
generators generate acoustic energy in the form of sound waves to control both
coke morphology and foam formation. To control coke morphology, the sound
waves may be oriented in the direction axially along the length of the coker drum,
across the diameter of the drum, i.e., perpendicular to the axis of the drum or some
angle in between. The acoustic energy may be applied to at least one of the drum
itself, to furnace tubes, or transfer lines. To control foam formation, sound waves
are preferably applied across the diameter of the coke drum. The sound waves may
be applied in conjunction with chemical anti-foam additives to control foam

formation.



generators generate acoustic energy in the form of
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of acoustic energy is preferably from the inception of filling of the coke drum to

completion of the filling of the coke drum to the desired level. However, the
application of acoustic energy may be either intermittent or for some period less

than the full filling cycle.

[0020] In an embodiment, shot coke formation may be enhanced by treating the
residuum feedstock with one or more metal-containing additives in addition to the
application of acoustic energy. The additives are those that enhance the production
of shot coke during delayed coking. A resid feed is subjected to treatment with one
or more additives, at effective temperatures, i.e., at temperatures that will
encourage the additives' dispersal in the feed stock. Such temperatures will
typically be from 70°C to 500°C, preferably from 150°C to 370°C, more preferably
from 185°C to 350°C. The additive suitable for use herein can be liquid or solid

form, with liquid/solution form being preferred. Non-limiting examples of metals-
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and m neral acids such as sulfuric acid, phosphoric
line adien, tha rhdauestmmlrm;mlrpaimscoﬁpmmtadﬂghest aelubikty parameter

di scl osed .in WD 2004104139, which is incorporated
compepets) of theaesid dpedstock begin to come out of a primary lower solubility

parameter liquid phase and start to form a second liquid phase. Depending on
nucleation sides, coalescence sites, and process shear and turbulence conditions, the
second liquid phase can coalesce and grow into spherical particles of a heavy tar
the subsequently dry into hard spheres. In the present invention, the application of
acoustic energy facilitates the coalescence of the second liquid phase components
into uniform spheres, preferably having a diameter of from 0.5 to 5 mm. In
addition, the application of acoustic energy helps collapse the foam and, if used in
conjunction with anti-foam agents, increases the effectiveness of the anti-foam

agents.



[0021] Wile not wishing to be bound to any particul ar
t heory, one expl anation for shot coke formation is
wao b@ab/osises s are fornmed in the coker furnace anpiCT/US2006/004006
transfer |line when the heavi est and nost pol ar
conmponents (highest solubility parameter conponents)
of the resid feedstock begin to cone out of a primary
| ower solubility paranmeter |iquid phase and start to
forma second |iquid phase. (pependi ng on nucl eati on
si des, coal escence sites, and process shear and
turbul ence conditions, the second |iquid phase can
[00223! espie AREnE6PW fuRfher SIRRatdRIn thaFbll6waiE Bén-Bntitayy
tar the subsequently dry into hard spheres. In the
exampkesnt i nvention, the application of acoustic energy
facilitates the coal escence of the second |iquid phase
conmponents into uniform spheres, preferably having a
' E&Q@E of from0.5to 5 mMm In addition, the
i on of acoustic energy hel ps collapse the foam
and, if used in conjunction with anti-foam agents,
i ncreases the effectiveness of the anti-foam
[0023¢nt STHOMMRwinY examplestare basesl dnuntdaelinglstudies. at ed i n
the follow ng non-limting exanples. EXAMPLES [ 0023]
The foll owi ng exanpl es are based on nodeling studies.
Exanpl.e 1 [0024] A heavy Canadi an vacuumresid bl end
Exgﬂgggées a mxture of shot ( 15% and shot coke bonded
to sponge coke in the drumof a comercial del ayed
coker. Use of transducer devices to introduce standing
[0022)nd Avdkéesy Oahadibh&ab@gh residbléntbpodated Heniktirdagehot (15%)
and through the transfer |ine increases the anmount of
and bloyt codiedonded 0spangeravdadi tige ditvan off agomamersidl ietayedacoker.

furnace_ tubes,, transfer line and cok .
Use of transducer devices to imtroduce standing soun% waves into the last four tubes

E

of the furnace and through the transfer line increases the amount of shot coke to
80%. Introducing standing waves into the furnace tubes, transfer line and coke

drum increases shot coke to 95%.

Example 2

[0025]  Use if the feed of Example 1 produces a foam height of 15 feet (4.6 m) in
the drum midway through the fill cycle. Introduction of silicone antifoam knocks
the foam height back to 5 to 10 feet (1.5 to 3 m). Application of standing sound
wave to the drum helps to collapse the foam and also increases antifoam
effectiveness such that only 1/3 the amount of antifoam gives the same 5 to 10 feet

(1.5 to 3 m) foam height.



drum i ncreases shot coke to 95% Exanple 2 [0025] Use
if the feed of Exanple 1 produces a foam hei ght of 15

WO e@®b/093625 m) in the drum m dway through the fPET/US2006/004006
cycle. Introduction of silicone antifoam knocks the
foam hei ght back to 5 to 10 feet (1.5 to 3 m.
Application of standing sound wave to the drum hel ps
to col |l apse the foam and al so i ncreases antifoam
ef fectiveness such that onky11/3 the anpunt of
antifoamgives the sane 5 to 10 feet (1.5 to 3 n) foam
hei ght. CLAIMS : 1. A nethod for controlling coke

CLilMB8o! ogy in a del ayed coki ng process that conprises:
(a) heating a coker feedstock in a heater to produce a

heat ed feedstock, (b) conducti ng the heat ed feedst ock

Lo, By o R T SR P SR i

ns to produce vapor products and coke,
pro‘(ég %llgteﬁ %lgésﬁhe coker vessel, and (e) subjecting at

| eag) Onl@eaafng]@d eoleer (eddstddR) in Dhedte) tolpro@6&IS hefte@ POETYock,
at an ener evel and for a tine sufficient to

proh)ce edrluctiogdhe heat@drﬁmdst}mkftora aoket vessel,ng f oam
cokin cess t hat conpri ses:

]E g; teia? Hﬁlgln alqnétgﬁfl@% q@@a yewekat ci? %ywecaﬂ@ng tonprrgtiesat
Pgagegoigﬁ&% é/%sd(qla}fe%) co?q?ﬁ]g UShdiftnd BF pIQ) g/alf)grelgr%tdﬁgtié and
coke,
(d)  quenching the coker vessel, and
(e) subjecting at least one of steps (a), (b), or (c) to acoustic energy at an

energy level and for a time sufficient to produce shot coke.

2. A method for controlling foam formation in a delayed coking process

that comprises:

(a)  heating a coker feedstock in a heater to produce a heated feedstock,

(b)  conducting the heated feedstock to a coker vessel,

(c) maintaining the coker vessel at delayed coking temperatures at
effective delayed coking conditions to produce foam, vapor products
and coke, and

(d)  subjecting the coker vessel in step (c) to acoustic energy at an energy

level and for a time sufficient to reduce the amount of foam.

3. The method of any preceding claim wherein the feedstock is heated
to temperatures of 480°C to 520°C in at least one furnace containing at least one

furnace tube and is transferred to the coker vessel through at least one transfer line.



(c) maintaining the coker vessel at del ayed coking
tenperatures at effective delayed coking conditions to
w@e@doeis23 oam vapor products and coke, and (dPCT/US2006/004006
subj ecting the coker vessel in step (c) to acoustic

energy at an energy level and for a tinme sufficient to
reduce the anount of foam 3. The nethod of any
precedi ng claimwherein the feedstock is heated to
tenperatures of 4800C to 5200C in at | east one furnace
contai ning at | east one furnace tube and is
transferred to the coker vessel through at |east one
t r agsf er The meethod o elaivat bag pedcedind claim WhdéiaBeicbRe formed
. claimwherein the coke forned is a sponge coke, shot
is acgpoagecokexzhot gokéer sukturgtheTers. net hod of any
precedi ng claimfurther conprising at |east one
net al -contai ning additive. 6. The nmethod of claim?2

cortr velte PR AL B RBRART RS ARREREp s nc

meiiottdinpdlitice.energy is applied to at |east one of
t he coker drum furnace tube or transfer line. 8. The

met hod of any preceding claimwherein the acoustic

energy is, appljed axjall | ong the length of the .
cokbr velle metfafaf e elaime wheseet at least anscaiplenm genids added

[ ngl e between axial and perpendicular to
to tg)e(icgi(?lsg&%?ﬁe met hod of any precedi ng cl ai mwherein

the acoustic energy is in a frequency range from15 to
20,000 Hz. 10. The nethod of any preceding claim
wheT.ei n The nstheddf anyepricgdingslaim tvhergiaageudtioosnedPy i

200 dB and is in the formof a standing wave.
applied to at least one of the coker drum, furnace tube or transfer line.

8. The method of any preceding claim wherein the acoustic energy is
applied axially along the length of the coker vessel, across the diameter of the coker

vessel or at some angle between axial and perpendicular to axial.

9. The method of any preceding claim wherein the acoustic energy is in

a frequency range from 15 to 20,000 Hz.

10.  The method of any preceding claim wherein the acoustic energy is in

the range from 90 to 200 dB and is in the form of a standing wave.



